Computers developed for the greenhouse climate regulation are mostly accepted, but often not used efficiently by the growers due to some problems: these computer systems do not monitor the historic data or the grower has no time to analyze the gained data manually. Furthermore, he can only evaluate the state of his plants by examining their outer appearance. The grower has no means of comparing objectively the current state of his plants with plants from the past grown in similar climatic conditions. The aim of this project is to establish a sound database of automatically collected climate and plant parameters. In order to evaluate this data, a web based platform is to be developed to display the data properly. Therefore, the data from different climate control units must be translated into a common neutral form. The parameters of plant growth, like height, are determined by image processing techniques.
Introduction
High energy costs and increasing demands concerning plant quality play a key role in greenhouse ornamental plant production in mid and northern Europe. Computers developed for the greenhouse climate regulation are, in most cases, able to regulate the climatic conditions cases very well and moreover, monitor the past conditions in relation to time. However, this form of presentation does not usually enable a grower to identify exactly what climatic conditions would result in optimal plant growth. A correlation between temperature and plant height would permit a better understanding of the possible causes. Furthermore, comparing the climate regulation in different greenhouses with regards to shading and cooling conditions could contribute to optimizing the shading and ventilation strategy and help to improve greenhouse developments [1] . The second aspect concerns the monitoring of plant growth and possibilities of computer aided growing. The mostly positive self-assessment of horticulturalists does not always agree with their produced quality. Besides, it is difficult to evaluate advantages and disadvantages of new varieties according to the conditions in only one nursery. Thus, new evaluation procedures for climate computers in relation to plant growth could be an important step to improve energy efficiency and plant quality. Image processing is a further tool which could contribute to predicting more accurately the dates of spacing the plants and could allow the implementation of programs like 'graphical tracking' [17] which helps to achieve the desired plant height [1] . These considerations have been supported in an expert meeting with advisors [3] . This expert meeting showed on the other hand, that many growers do not even use all the possibilities that climate computers offer already. Apart from this, only advisors and specialized growers will benefit from a better analysis potential (the market volume is considered limited [3] ), thus it is not profitable for individual companies to invest in such ideas. To solve this problem, three companies (ELAU [5] , Kriwan [4] and RAM [6]) developing climate computers to extract and process relevant data, as well as the Chamber of Agriculture in North Rhine-Westfalia could be gained as project partners for the project KliPa, which combines climate data with image data on an innovative evaluation platform.
Previous Work
Climate regulation by climate computers in different greenhouses concerning shading and cooling conditions has already been analyzed in a previous project at UAS Osnabrueck [1] , but climate computers can do even better. Developments of other institutions are targeting the optimization of horticultural production in a similar, but not the same manner; 'Plant eye' [16] and certain research carried out by Dutch computer companies focus on plant development [2] . The project ProdIS [7] targets the economical relevance of horticultural production. It is planned that both programs, KliPa and ProdIS will be able to complement one another.
Objective of the Project
The project "Combination of automatically collected parameters of plants and climate on an evaluation The aim of KliPa is to establish a sound database of automatically collected data concerning climate and plant parameters. In order to evaluate this data, a web based platform is to be developed to display the data properly. Therefore, the data from different climate control units must be translated into a common neutral form. The parameters of plant growth, like height, are determined by image processing techniques.
Integrating KliPa must be easy for the horticulturist. The target group is both the advisers at the Chamber of Agriculture and experienced growers.
The three different climate computers have different interfaces, where the climate data is collected. For independent processing, this climate data must be mapped in a universal data structure. Therefore, a mapping component is developed as one of the first objectives of this project.
In addition to the climate parameters, KliPa also accounts for plant parameters. These are for example, height or covering degrees that are gained by image processing. As this data is not only 2-dimensional, 3D information is necessary. For this reason two different techniques are taken into account: a stereoscopic camera approach and a Time of Flight camera. Both climate and extracted plant data are combined in a modern graphical user interface (GUI) that allows the users to analyze and evaluate the data. In addition, this platform is able to compare different nurseries from the past or other horticulturists. The evaluation platform is web-based. The comparison with other data time series can help greenhouse growers to improve their own energyefficiency and cost-effectiveness. For the advisers, there is an additional advantage, namely; they can use this data to give advice to the growers often from their desks without even having to visit the greenhouse physically. This saves both time and costs.
Procedure
The project KliPa comprises three tasks:
Mapping of proprietary climate computer data into universal database structure Extraction of plant parameters e.g. height from plant images by image processing Establishing the evaluation platform for comparison of climate and plant parameters The whole project is realized with Microsoft .NET.
Mapping of proprietary climate computer data
into universal database Each of the three climate computers has a proprietary format for the climate data. These formats must be mapped into a universal data structure with a neutral format. The aim is to compare and process the data of different climate computers. Thus, evaluation and analysis of this data take place in the neutral format.
A homogeneous database model is developed for the climate parameters like temperature with dynamic data tables for future extensions. This database model is independent of the special climate computer.
For each climate computer, a driver is to be developed for the data extraction from the respective climate computer and for the mapping into the common database.
Image processing
The collection and extraction of plant parameters is a substantial component of the KliPa project. It has the goal to document and visualize the growth of horticultural cultures. Usually, a gardener manually adjusts the climate parameters of the climate computer based on his subjective appraisal of the plants. Nevertheless, it is advantageous to collect objective plant parameters. Then a successive benchmarking and a comparison with other population periods are feasible. Here, technologies of image processing offer particularly interesting possibilities. Important characteristics for evaluating the plants among others are the plant height, the covering degree and the homogeneity of the crop.
In order to determine the plant parameters, especially the height, two different methods are examined in the project. On the one hand, a stereoscopic approach is pursued, with which two cameras are mounted at fixed positions in the greenhouse. Based on both exposures, 3D height information is gained by means of suitable image processing algorithms. On the other hand, a Time of Flight camera (ToF) is used, which directly delivers 3D height information by distance measurement. Because the ToF does not deliver color information, it is advisable in this project to operate it in parallel with an aligned second camera.
In the ascertainment of the height of a plant out of stereoscopic exposures, in particular the edge lines of leaves and blossom have a high information density. At these positions, discontinuities in the depth picture exist. Usual stereoscopic algorithms, as for example Optical Flow [8] and SIFT [9] , usually assume continuous surfaces and are affected by these discontinuities.
In order to include the various information at the edges into the 3D examination, a new algorithm is developed as an addendum to existing algorithms, which focuses on the discontinuities. A necessary step to be taken while preparing the examination of the stereo exposures is the calibration of the two cameras. The calibration delivers a geometrical relation between both cameras and removes distortions from the pictures caused by the optics. This ensures the prevention of any falsifications of the measuring data determined by the pictures. A current calibration procedure is the method of Zhang [11] . It delivers the intrinsic parameters and the distortion coefficients of the camera which all describe the mapping of 3D object points onto the 2D image plane of the camera.
Undistorted images are computed from the exposures and the two cameras are aligned with each other exactly parallel in one plane, using the parameters from the calibration step. Subsequently, edges in the pictures are determined as precisely as possible. This edge detection is based on the fact that plants consist of parts which often exhibit a similar brightness, but differ in their color. Therefore, it makes sense to compute a gradient which considers the color information. Such a gradient can be achieved by calculating separate gradients for each color using the Sobel-Operator [10] . This converts the gradient vector at each pixel position for each color into polar coordinate representation and combines the three color magnitudes to a color amplitude vector. The phases of all three color gradients are equal in the [0.. ) interval. Thus, instead of two gradient values, namely magnitude and phase, now four values are available at each pixel as features for the successive stereoscopic matching.
Based on the combined color gradient magnitudes, on the gradient phase and on the color information of the original images, matching values for related points of the stereoscopic images are computed and stored in a socalled pseudo 3D volume. For this, the right image is shifted in pixel steps along the horizontal epipolar lines. At each step, the matching values between the pixels of both images are computed and written in the related parallax layer of the pseudo 3D volume.
Fig.1: Corners found by the Harris Corner Detector
The volume is then used to track corresponding edges in the two stereoscopic images. Initially, corner points are computed with the Harris Corner Detector [12] as possible starting points (Fig. 1) . Starting with the strongest corners, the edges are tracked in the volume and rated based on suitable criteria. Using the detected edges, the parallax values of their pixels and the calibration parameters the height values along the edges are computed. Finally, the height information at the edges is combined with resulting heights determined by usual algorithms and used to extract the requested plant parameters.
Data combination and GUI
Both the neutral time series of climate data and the extracted plant parameters are saved on a server. The server hosts both the database and the GUI. The data of the climate computers in the greenhouse is processed by the greenhouse application and saved on the server. The GUI is web-based for local-independent analysis and presentation (Fig. 2) .
The user is able to view every combination of climate parameters graphically for comparison. The user can find out not only about the climatic circumstances in the greenhouse. Due to the fact that for every point in time also image data exists, the users can also be informed about the plant parameters as well.
The GUI is developed in .NET Windows Presentation Foundation (WPF) [13] with the Extensible Application Markup Language (XAML). After choice of location and culture, the matching data is selected and can be evaluated in different graphs or tables with reference to the pictures of the plants.
To transfer the data of the greenhouse application to the KliPa server, a synchronization exists. The challenge is to add the continuously collected climate data to the database. The synchronization is based on a serviceoriented architecture.
The server and the database are decoupled by means of a Windows Communication Foundation (WCF)-services.
The WCF service [13, 14] , which realizes the synchronization, includes a user management which limits the access to the data of the GUI.
Conclusion
The aim of KliPa is to create a sound data basis from automatically gained climate and plant parameters in the greenhouse.
This combined data is presented in an innovative evaluation platform. The target customers are both the advisers at the Chamber of Agriculture and experienced growers.
Each of the three involved climate computers has a proprietary format for the climate data. This must be mapped into a universal data structure with a neutral format. Therefore, a mapping component is developed. In another part of the project, the extraction of plant parameters from pictures by image processing is developed. These parameters are necessary to evaluate the current status of the plants.
Therefore, two different techniques are taken into account: a stereoscopic camera approach and a Time of Flight camera.
The last step involves an evaluation by combining the greenhouse climate data and the plant parameters. These are presented in an appropriate way for evaluation in a web-based GUI. This GUI facilitates a comparison of plant growth in the past or with other greenhouse growers that are willing to exchange their data. The aim of KliPa is to achieve a more efficient production. The user interface is web-based so the adviser can see the data from his desk. This saves additional time and costs.
